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SUMMARY

The Nuclear Innovation Workshop was sponsored by the United States 
Department of Energy Light Water Reactor Sustainability Program and held at 
Idaho National Laboratory on June 26–28, 2019. The objectives of this workshop 
were to [1] promote an innovation ecosystem that reduces cost and risk through 
early evaluations, [2] provide hands-on activities that demonstrate the value of 
using the advanced tools, methods, and capabilities offered by the Light Water 
Reactor Sustainability Program, [3] provide a platform to enable broad 
innovation in the nuclear industry, [4] enable industry leaders the opportunity for 
networking and sharing of their experiences, and [5] take inspiration from other 
industries to push the envelope for transformation in the nuclear industry.

These objectives were supported through the facilitation of detailed 
discussions and industry presentations within the context of a four-phased 
approach to nuclear innovation. Open conversation about key challenges and 
considerations for innovation in the nuclear industry was recorded at each of 
facilitated discussions, which were focused on one of four phases (see Section 3). 
Further, a survey was administered to attendees at the close of workshop to 
collect feedback on its quality and their impressions of future initiatives for 
promoting an innovation ecosystem (see Section 4). 

Key recommendations that came from the workshop broadly included the 
development of an innovation portal, establishment of an innovation working 
group, and holding subsequent meetings with industry partners, including 
utilities, vendors, and research organizations to exchange lessons learned in 
innovation, progress on the innovation portal, and related matters specific to 
nuclear innovation. 

Contact information from the attendees of this workshop, industry 
presentations, and all related materials can be found from the following LWRS 
Program webpage:

https://lwrs.inl.gov/Innovation_in_the_Nuclear_Industry_June_2019/Home.a
spx

https://lwrs.inl.gov/Innovation_in_the_Nuclear_Industry_June_2019/Home.aspx
https://lwrs.inl.gov/Innovation_in_the_Nuclear_Industry_June_2019/Home.aspx
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Nuclear Innovation Workshop Summary Report

1. INTRODUCTION

The Nuclear Innovation Workshop was sponsored by the United States (U.S.) Department of 
Energy’s (DOE’s) Light Water Reactor Sustainability (LWRS) program and held at Idaho National 
Laboratory (INL) on June 26-28, 2019. The overarching goal of the program is to enhance safe, efficient, 
and economical performance of the U.S. nuclear fleet and extend the operating lifetimes of this reliable 
source of electricity. This goal is addressed through two primary objectives:

1. To provide science and technology-based solutions to industry to overcome the current labor-
intensive business model and associated practices

2. To manage the aging of systems, structures, and components (SSCs) so nuclear power plants can 
continue to operate safely and cost effectively.

Program objectives are addressed through several research and development (R&D) focus areas (i.e., 
pathways): Materials Research, Plant Modernization, Risk-Informed Systems Analysis, Integrated Energy 
Systems, and Physical Security. Specifically, the Plant Modernization pathway’s strategic goal is to 
extend the life and improve performance of the existing U.S. nuclear power plant fleet through 
modernized technologies and improved processes for plant operation and power generation. The Plant 
Modernization pathway accomplishes this goal through demonstrating and validating new technologies 
and operational concepts at nuclear power plant facilities. This involves providing [1] technical-basis 
reports to support long-term planning, procurement, and regulatory submittals, as well as [2] guidance for 
full-scale implementation of modernized technologies and improved processes, communicating the results 
across the nuclear community. Figure 1 illustrates the Plant Modernization pathway’s key areas of R&D 
to achieve these goals.

Figure 1. Key R&D areas to achieve plant modernization.

Efforts are underway in the LWRS Program to develop and introduce a number of transformative 
technologies to enable plant modernization, to facilitate more-efficient work in our plants, even to 
diversify the products from the energy produced from nuclear power plants. The LWRS program aims to
enable plants to impact the revenue/cost gap by introducing technologies and operational efficiencies that
transform the organization and the methods for nuclear power plant energy production. To this end, the 
Nuclear Innovation Workshop described here served as a pivotal effort to initiate the development of an 
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effective and impactful platform for sharing ideas and lessons learned in innovation space across the 
nuclear industry.

1.1 Workshop Objectives

The objectives of this workshop were to:

 Promote an innovation ecosystem that reduces cost and risk through early evaluations, strategic 
monitoring of available technologies across industries, and implementation of the processes, teams, 
and organizational capabilities necessary for successful discovery and development of innovative 
plant technologies

 Provide hands-on activities that demonstrate the value of using advanced tools, methods, and 
capabilities, such as those offered by the LWRS Program, to overcome challenges in innovation

 Provide a platform to enable broad innovation in the nuclear industry by capturing industry-wide 
experience from utilities’, innovation partners’, and research organizations’ perspectives

 Enable industry leaders the opportunity for networking and sharing of their experiences about the 
challenges, solutions, and best practices in innovation

 Take inspiration from other industries to push the envelope for transformation in the nuclear industry.

These objectives were supported through facilitated discussions and industry presentations within the 
context of a four-phased approach to nuclear innovation described next. Appendix A provides details of 
the workshop’s agenda. Section 1.2 provides background about the unique characteristics of the nuclear 
industry and how these characteristics shape the ways to which innovation should be described, 
implemented, and sustained. This content was presented at the workshop to support the facilitated 
discussions.

1.2 Innovation in the Nuclear Industry

The concept of innovation is sometimes portrayed as some idea, developed on a whim and perhaps 
drawn up on a napkin sketch, that radically changes how something is done. While it is possible for an 
innovative idea to develop in this way, most innovation initiatives are successful through the 
establishment of a systematic process that is goal driven. For businesses, an important goal is often to 
drive change to better adapt to an ever-evolving landscape, influenced by new competition (e.g., lower 
costs), changing demands, social changes and pressure, and availability of new technologies. 

Within the nuclear industry, a significant challenge entails maintaining the economic viability of key 
plant functional areas, such as operations, maintenance, and support. For instance, most existing operating 
reactors have sought and received approval for their first license extensions from the U.S. Nuclear 
Regulatory Commission (NRC), indicating long-term interest and commitment for continued operation. 
However, the conditions surrounding a second license term has created markedly different circumstances 
from the first. These include market demand and prices that remain flat in many parts of the U.S., coupled 
with economic competition from other sources of energy such as renewables and unconventional 
production methods for gas. The traditional sociotechnical infrastructure of the existing U.S. nuclear fleet 
that once required large workforces and was part of a regulated market now greatly challenges the 
economical sustainability of these plants. Indeed, the nuclear industry recognizes the need to innovate 
across key functional areas, but is challenged in effectively identifying, selecting, implementing, and 
sustaining meaningful change. Thus, a vital question that needs to be considered across the nuclear 
industry entails how to effectively manage necessary innovation to improve the economic viability of the 
existing U.S. nuclear fleet.

The culture of an industry or organization plays a significant role in influencing how innovation is 
managed and executed. That is, the degree to which innovation is accepted to be implemented
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incrementally (i.e., first-order change) versus radically (i.e., second-order change) depends on the risks 
(or perceived risks) and attitudes that are encompassed in changing previously established processes, 
programs, and technologies. In the nuclear industry, notable characteristics that challenge radical change 
include the strong nuclear-safety culture, a high degree of regulation, and a culture adverse to change due 
to associated risks. Any change to a nuclear power plant, whether it be technology- or process-focused, 
must be evaluated and judged not to affect safety adversely. Changes must also be evaluated to confirm 
regulatory compliance, and they must be introduced in a way that will overcome the strong tendency of 
the nuclear organization to avoid any perceived risk. Innovation leaders within the nuclear industry are 
thus faced with two opposing forces: [1] the critical need to change and [2] strong organizational 
resistance to change.

To address these opposing forces faced by the nuclear industry, transforming business needs into 
change requires both a top-down and bottom-up approach. Hence, innovation leaders must engage their 
organizations and become change champions who engage and enable to entire organization to implement 
and sustain transformation. The implementation of both top-down and bottom-up approaches are captured 
in Kotter’s eight-step change model, illustrated in Figure 2.

Figure 2. Kotter’s eight-step model for transformational change (Kotter 2007).

Kotter’s model comprises eight steps that are captured in three overarching phases. The first phase 
pertains to creating a climate for change; this phase is largely a top-down process that requires leaders in 
innovation to champion the efforts of promoting change across the organization. Step 1 regards increasing 
the sense of urgency for change and entails examining the market and competitive realities, as well as 
identifying and discussing crises, potential crises, and significant opportunities for improvement. Put 
simply, Step 1 requires change champions to communicate throughout the organization that the traditional 
business-as-usual mindset is no longer acceptable in sustaining economic viability. Step 2 specifies that a 
guiding group be built that has enough power to lead change across an organization and works together as 
a team. Kotter suggests that whenever some critical mass is not achieved early on, there will not be 
enough influence to support change. Step 3, “getting the vision right,” entails successfully communicating 
a clear and compelling statement of where change leads. This message should help direct the change 
effort and include strategies for achieving the stated vision.
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The second phase regards engaging the entire organization for change. This phase supports bottom-up 
decision-making, through which each member of the organization works towards implementing and 
sustaining change using a common vision. Communicating the vision (Step 4) is critical for the 
organization to gain buy-in to change. Communication should be given on a continuous basis, clearly 
describing the vision and strategy for change. Next, empowering action for change (Step 5) is necessary 
to remove barriers that may impede momentum to innovation. For example, ambiguous and opposing 
requirements that obstruct innovation should be removed to empower goal-driven action that supports 
change. Some calculated risk should be adopted by the organization to empower an action for change. 
Further, innovation should be systematically implemented and bolstered through the creation of short-
term wins (Step 6). Transformation takes time and often occurs iteratively. Setting short-term goals that 
encompass an overarching vision provides critical feedback to the people engaging in change; this 
feedback is necessary for motivation and a continued sense of urgency. Finally, it is important that efforts 
towards change are not shortsighted (Step 7). Creating the climate for change (Steps 1–3) is most vital in 
creating the momentum needed for continued change. Misalignment across an organization due to a lack 
of urgency, an underdeveloped team, or an unclear vision can negatively affect the continued strategy to 
innovate. Initiatives developed for change should be anchored in the organization’s culture (Step 8); 
change sticks when it becomes the new business as usual.

Another important consideration pertains to the areas of innovation add greatest value. In this sense, 
innovation can be described as change to products, processes, and programs (Figure 3).

Figure 3. Three types of innovation.

Product transformation is what is traditionally thought of as innovation; it entails the development of 
a new product or feature to an existing product. Process innovation is the combination of facilities, skills, 
and technologies used to produce, deliver, and support a product or provide a service. The invention of 
the assembly line is an example of process innovation. Finally, program innovation is the change in a way 
a product or process is brought to the market. The focus of program innovation thus aims to change the 
culture of an organization so as to implement and sustain change. 

Figure 3 illustrates these three types of innovation as they affect the nuclear industry. The size of each 
node illustrates the extent to which focus is needed for successful transformation. Business needs should 
drive nuclear innovation. A sense of urgency for change is critical for the economic viability of the U.S. 



5

nuclear fleet. Change ought not adversely impact safety, must be implemented with minimal risk, and 
needs to reduce operational costs; these factors are absolutely necessary for the existing fleet to remain 
cost-effective compared to other sources of energy. Product innovation is of less importance because 
much of the existing landscape of available technologies can be leveraged and repurposed for solving the 
unique challenges of the nuclear industry. By leveraging reliable off-the-shelf products, the nuclear 
industry can reduce the overall risks inherent to the R&D required to commercialize prospective 
technologies. Process and program innovation are most valuable for nuclear innovation because these 
types of innovation are purposefully driven by business needs and have wide impact on the technological, 
organizational, and process aspects of key functional areas. However, careful understanding of the 
purpose, requirements, and previous challenges in innovation for each functional area is vital for 
successful and sustainable transformation. Moreover, innovation leaders must evaluate technology and 
organizational capabilities to develop innovation needs and gaps.

To support the facilitation of evaluating technology and organizational capabilities, a process (i.e., 
herein described as the conduct of nuclear innovation) was presented at the workshop; it covers four 
iterative phases (Figure 4). Each phase is described in the following subsections.

Figure 4. Four-phased framework for nuclear innovation.

1.2.1 Phase 1: Identify

The first phase focuses on identifying an opportunity to improve a functional area. Potential advanced 
capabilities and integrated technologies and applicable base technologies are also identified as part of 
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improving the functional area. Figure 5 illustrates a roadmap of these different layers as they each fit 
within the business-driven nuclear-innovation framework. One intent of the roadmap is to eventually 
serve as a web-based decision-support tool that will help identify applicable advanced capabilities and 
technologies that support a specific functional area. The roadmap will serve as a dashboard where each 
label will provide clickable content. Upon selecting a particular page, detailed information will be 
provided. The information provided will be specific to a functional area, an advanced capability or 
integrated technology, or a base technology. Examples of the content supporting advanced capabilities
and integrated technologies can be found in Appendix C whereas examples of content for base 
technologies can be found in Appendix D. The example content from the pages in Appendixes C and D 
are intended to eventually populate landing pages for this web-based tool.

Figure 5. Roadmap for nuclear innovation.

One way the roadmap will help identify opportunities for improving a given functional area is 
through the interlinking layers of the roadmap, which will allow users to understand how certain 
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technologies can support advanced capabilities to improve a functional area. In this manner, the tool will 
promote strategic technology identification and selection based how each technology supports an 
advanced capability that improves a business-driven functional area. Figure 6 illustrates an example 
architecture of these three layers under the Operations functional area. Each colored flow stream 
represents a specific mapping across the three layers of the roadmap. This type of mapping is a design 
that will be reflected in the web portal’s dashboard through various cues, such as highlighting the related 
information upon hovering and lists of interrelated technologies, capabilities, and functional areas on each 
landing page.

Figure 6. Example interrelations of the base technologies, advanced capabilities, and functional areas.

Additional tools that are applicable to support Phase 1 include functional-requirements analysis 
(FRA) and task analysis (TA). FRA can be used to identify functions that are needed to meet specific
plant-safety objectives. FRA entails functional allocation (FA) where identified functions are assigned to 
a level of automation (automatic, shared, or manual). Successful FRA and FA account for a thorough set 
of inputs that are used to inform optimized allocation of automation. By identifying opportunities to 
improve a functional area, FRA/FA finds optimal allocations of functions that maximize the strengths of 
automation and human capabilities. Additionally, FRA/FA identifies important human actions that can be 
further examined through TA. TA is a broad category of methods used to systematically document human 
interactions with an existing or proposed system. TA can be used to inform the identification and 
selection of new technologies or processes that enhance human-system interaction. A key outcome of TA 
in innovation is the systematic descriptions of actions end users must undertake to accomplish a task; this 
information is used as further input in developing new design ideas that further support these task 
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requirements. Different processes or possible technologies that are being considered that support an 
advanced capability can thus be formally documented regarding how they will be interfaced by the end 
users. This information serves as a technical basis for certain design decisions that ensure the users’ 
physical and cognitive capabilities are considered. Appendix E provides further details of the benefits of 
FRA/FA and TA in nuclear innovation. 

1.2.2 Phase 2: Select

Phase 2 includes evaluating the identified advanced capabilities and base technologies for their cost to 
implement, expected benefits, challenges to implement, and other key considerations that support 
selection. The key outcome of Phase 2 entails prioritization of multiple identified ideas based on their 
cost, value, and risk to implement. Possible tools that can be used to support Phase 2 include requirements 
gathering, cost-benefit analysis, risk management frameworks, and selection criteria for advanced 
capabilities and base technologies. Important considerations for gathering requirements specific to Phase 
2 are listed in Table 1. 

Table 1. Important considerations for the requirements gathering process.

Identify the drivers for the project
Ask: 
 “What problem are we solving?”

 “How can we meet those needs while 
causing the least amount of headache 
and disruption to affected parties?”

 “How can we meet those needs while 
making everyone’s job a little easier?”

Clearly identify the goals of the project:
 Specify what success looks like

 Frame success in terms of the business 
need

 Identify the people, processes, and 
systems that connect to the new system

Ask:
 “What do we and stakeholders need and 

want?”

 “How can we meet those needs while 
causing the least amount of headache 
and disruption to affected parties?”

 “How can we meet those needs while 
making everyone’s job a little easier?”

 Prioritize needs based on alignment with 
business goals 

 Anticipate unintended consequences 
and mitigate them 

To summarize these points, requirements gathering helps connect inputs from the business goals to 
the end users’ needs and desires for a solution. By creating this connection, solutions can be identified 
and selected that minimize conflict between these inputs. Common mistakes made in requirements 
gathering include misaligning the representation of certain stakeholder cohorts while entirely leaving out 
others. Other mistakes include coming to solutions that short-sight others’ perspectives, which ultimately 
replace one problem with another. Finally, it is important to critically look at existing requirements put in 
place to understand if such are truly necessary or are in artifact of legacy processes or technologies.
Through thorough requirements gathering, important information can be identified for use in other tools,
such as cost-benefit analysis, risk management, and other supporting tools for selection.

1.2.3 Phase 3: Implement

At Phase 3, selected technologies are implemented using human-centered project-management 
techniques that ensure successful implementation with minimized risk. A change management plan and 
success metrics are also developed at this phase to measure project success in Phase 4. One theme that is 
emphasized for Phase 3 regards following a human-centered design (HCD) approach. HCD emphasizes 
implementing solutions with end users in mind, as well as considering perspectives from all involved 
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disciplines (e.g., human factors, cyber, operations, etc.). To this point, HCD integrates well with other 
multidisciplinary approaches, like the systems-engineering process.

HCD comprises three primary sub-phases: understand, design, and evaluate (see Figure 7). For HCD 
to be truly effective during implementation, early and iterative involvement is highly important to enable 
the process to collect vital inputs that will inform future design and development cost effectively. 

Figure 7. Human-centered design approach for nuclear innovation.

Once early inputs are collected, design activities are engaged through developing prototypes and 
mockups that reflect the integration of technologies within an advanced capability. Specific design 
questions (e.g., should this function be manual or automated?) can be answered through evaluation of the 
prototypes. Mockups and prototypes of varying fidelity support evaluation through both verification and 
validation pathways by applying various design guidelines and performing human-in-the-loop simulation. 

Common mistakes in implementation include focusing on only a subset of user types, making 
assumptions that certain features or functions are useful or needed without vetting with end users, and 
failing to get early design feedback. By incorporating HCD correctly, the process can identify and 
mitigate critical problems earlier, enabling cost-effective implementation. Furthermore, HCD promotes 
buy-in to the transformation across all organizational levels (i.e., it supports the bridge between top-down 
and bottom-up approaches). Early design and evaluation activities provide opportunity for end users (e.g., 
operators of a new digital system), stakeholders, and vendors to provide their perspective and feedback 
for a given design in a way that enables overall human-system performance. For instance, in design 
workshops hosted by INL’s Human System Simulation Laboratory (HSSL), key stakeholders, end users, 
and vendors were able to collaborate in formulating design solutions, grounded from observing or 
participating in operator-in-the-loop studies, that included prototypes of advanced capabilities and 
technologies. This testbed served as a resource for early design and evaluation of advanced capabilities to 
identify critical design issues before implementation, greatly reducing costs. Appendix E provides 
detailed information for engaging in HCD activities.

1.2.4 Phase 4: Evaluate

Finally, Phase 4 pertains to monitoring the newly implemented capability using success metrics. 
When needed, corrections can be undertaken based on tracking success metrics. Long-term strategy, 
focused on business needs, is developed in Phase 4 using feedback to understand a new round of 
identification, selection, and implementation for new capabilities and technologies.
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2. WORKSHOP OVERVIEW

The Nuclear Innovation Workshop was held June 26–28, 2019, at INL in Idaho Falls, Idaho. The 
event was hosted by the DOE-sponsored LWRS program and was attended by invitation only. This 
workshop aimed to help nuclear power professionals understand core qualities that are necessary for 
successful innovation, including the processes, teams, and organizational capabilities needed to 
implement advanced plant technologies. Presentations from leaders driving transformation initiatives 
outside of nuclear inspired participants to think beyond typical inside-the-industry ideas.

This workshop covered approaches for vetting fast-track innovation initiatives that reduce overall cost 
and risk. Attendees also learned how they can leverage the unique capabilities of the LWRS program to 
successfully overcome barriers and enhance overall benefits when developing advanced technologies. The 
workshop focused on lessons learned and industry perspectives from utilities, innovation partners, and 
research organizations related to managing plant modernization and innovation.

Key activities that supported these goals included industry presentations, facilitated discussions of 
each of the four innovation phases (see, e.g., Appendix F), and a post-workshop feedback survey. 
Furthermore, tours of INL’s facilities were embedded within the workshop to demonstrate the value of the 
advanced tools, methods, and capabilities offered by the LWRS program. These tours included a 
demonstration of the capabilities of the HSSL, as well as of the Computer-Assisted Virtual Environment 
(CAVE). Figure 8 summarizes important activities completed at this workshop for collecting insights and 
demonstrations of the LWRS program’s capabilities. The findings summarized in Section 3 are written to 
correspond with Figure 8. Refer to Appendix A for a detailed agenda of the workshop. 

Figure 8. High-level overview of the workshop agenda.
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3. DETAILED FINDINGS

This section summarizes the findings collected during the Nuclear Innovation Workshop. Each 
subsection corresponds to findings for each workshop activity.

3.1 Phase 1: Identify

3.1.1 Presentation by Dustin Greenwood (NuScale): Identify Innovation

Dustin Greenwood (Appendix G) presented his unique experiences in the Identify phase. A notable 
topic that he shared regarded the need for a strategic vision—people need a reason to accept and 
champion change—and a process that can achieve this vision. Four key aspects of developing a successful 
process were discussed: [1] clarifying a good idea, [2] selecting participants, [3] ensuring engagement, 
and [4] taking action. 

Dustin mentioned that good ideas should be bound by timing, budget, and staffing constraints so that 
no time is wasted on ideas that are not feasible. Supporting questions to ask include understanding who 
major users could be if one specific barrier were removed, what is perfection and what impedes an 
organization from achieving it, how would the effort be done if there were no regulations, and could a 
change eliminate a proposed solution’s applicability. Selecting participants was also mentioned as an 
important aspect to the identification step. Dustin highlighted that while subject-matter experts (SMEs)
are highly useful, they are only half the group; that is, some SMEs may only focus on solutions that are
constrained by existing regulations without critically challenging the applicability of these regulations. An 
important consideration when selecting participants is, thus, to ensure a diverse set of participants are 
selected to provide insights from a variety of perspectives.

Ensuring engagement across brainstorming groups is important. One recommendation to ensure 
engaging discussion is to remove “pushy” people so as to allow others to take on leadership roles. People 
who are less open to others’ perspectives and who dominate conversations should be grouped together. 
Second, the optimal size of a brainstorming group should be ten or fewer. When the group becomes too 
large, there is a tendency toward broken discussion (e.g., some members will not voice their opinion). 
Sessions should be focused on the objectives to be solved with clear ground rules for discussion (e.g., 
“clarity doesn’t stifle innovation,” as Dustin Greenwood put it). Finally, for brainstorming to be engaging, 
multiple sessions are important to iteratively refine ideas as needed. Greenwood suggested spending 20 to 
30 minutes on a single question and keeping track of the best ideas for moving forward.

The final aspect is taking action. At this point, a narrowed list of ideas should be developed for 
transforming ideas to action. Feedback should focus on ideas that are supported. Communication across 
the organization is paramount to ensure ideas and successes are visible to everyone: “Success breeds 
success,” said Greenwood. Having visibility of key ideas and successes is important for exploring ideas 
for synergy and for the success of future brainstorming sessions.

The NuScale small modular reactor (SMR) design was given as an example to highlight the 
application of these suggestions. Greenwood explained how NuScale leveraged the inherent simplicity of 
its SMR design that enhances safety through natural convection for cooling, seismic robustness, small and 
simplistic design, and defense-in-depth. These qualities enable reduced emergency-planning zones that 
allow a closer proximity to populated regions where energy is needed most. They also look beyond 
baseload generation. Furthermore, Greenwood highlighted how NuScale was able to rethink ways of 
addressing regulatory requirements, as with 50.54(m) through novel solution of reduced operator staffing,
verified and validated through integrated system validation (ISV). Greenwood closed by noting that 
“sometimes innovation doesn’t fit in existing regulatory environment, which can create an atmosphere of 
‘fitting’ concepts to existing regulations.”
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3.1.2 Facilitated Discussion 1: Identification

Notable Highlights

 Identify functional areas to improve requires both a top-down (e.g., what is the business 
driver?) and bottom-up approach (e.g., identifying task-level opportunities for 
improvement).

 There are challenges with integrating top-down and bottom-up methods during Phase 1
(Identify). Tools that were identified for addressing these challenges include development 
of a structured database, as well as use of TA and FRA/FA to identify key tasks and 
functions that can be improved.

 Having an established innovation team can support fleet-wide innovation. Attendees 
reported that focusing on larger initiatives tends to provide greater value given effort put 
forth.

 Current practices for sharing innovation experience are typically done through 
established working groups. While this method was regarded as effective, alternative 
methods (e.g., a centralized resource) for exchanging ideas was suggested such as with 
a web-based portal. 

 As utilities develop an end-state vision, there is a need for developing a roadmap that 
provides a framework towards reaching the end-state vision successfully with minimal 
risk.

The first facilitated question asked about attendees’ experiences in identifying functional areas to 
improve. 

 Representatives of Xcel Energy commented that they use both a top-down and bottom-up approach. 
From the top-down, costs are considered with each functional area (e.g., drive down costs 25%). For 
instance, outages provide the largest point of cost savings. As for prioritizing functional areas, a top-
down approach is used, including inputs such as costs, labor, and materials. Some assumptions are 
made in the prioritization process—for example, project staffing requirements. A database is used to 
support and share information for identifying and prioritizing. In parallel a bottom-up approach is 
completed; Xcel Energy includes SMEs iteratively in planned discussions. Using a customized 
spreadsheet, TA is used to identify tasks and see ways that they can be changed. In this sense, TA 
attempts to leverage existing activities to streamline. Xcel Energy commented that one of the 
challenges involves integrating cross-process aspects (e.g., across functional areas). Addressing 
requirements across functional areas can be an obstacle. Xcel Energy commented that it is important 
to approach Phase 1 from a top-down purpose-driven perspective to identify functional areas and host 
workshops with key people (i.e., a mixture of SMEs and others) to get multiple perspectives. Field 
research is also important, depending on the scope and functional area.

 Asgeir Drøivoldsmo commented that the Institute for Energy Technology (IFE) uses a similar 
approach. High-level roles are identified, and tasks are analyzed to determine which to keep. FRA/FA 
is used to allocate functions or remove work activities that do not support core functional areas. IFE 
uses formal methods that have been in place for 15 years in the petroleum industry.

Next, the facilitator asked, “What processes are used to fit top-down and bottom-up approaches?”

 Xcel Energy mentioned that this is one of their ultimate goals. When harvesting input from a bottom-
up approach, there are items that are interrelated across functional areas. To support these 
connections, Xcel Energy is developing a database with INL to centralize findings and deltas across 
processes and functional areas.
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 Paul Hippely from Westinghouse Electric Company (WEC) mentioned that most organizations’
existing TAs can be leveraged; however, careful attention is needed to understand whether the level 
of detail provided is appropriate for identifying functional areas and related technologies (i.e., 
sometimes existing TAs can be too detailed). Engaging in an agile methodology did not necessarily 
provide noticeable benefits because scoping at this level may not be at a needed higher level. Still, 
FRA/FA can be used to identify areas where costs can be reduced.

 Dustin Greenwood from NuScale highlighted that a data structure is necessary for effective 
requirements management and associating regulations each requirement supports. Such a tool allows 
easy identification of parallel requirements that can be addressed. 

- To this point, representatives of Xcel Energy commented that there is a significant challenge in 
identifying the connections between existing tasks and regulations for existing nuclear power 
plants. In this case, a top-down approach is helpful to target focus based on costs.

- From a vendor perspective, one challenge representatives of Curtiss-Wright mentioned was that 
often utilities add processes. It is important to focus on the how and why certain processes are put 
into place to inform decisions that influence the basis of these processes. 

Next, the facilitator asked, “How has the Institute of Nuclear Power Operations (INPO) worked?”

 Dustin Greenwood commented that INPO cannot be used without analyzing requirements. A data 
structure is thus needed.

The facilitator then asked, “Does your organization have a formal innovation manager or group?”

 Paul Hippely noted that Exelon’s Calvert Cliffs Nuclear Power Plant and corporate group has an 
innovation group.

 Patrick Kopfle of Dominion Energy mentioned that they have an innovation group; their group is 
starting with individual initiatives, but is looking to broaden. From Dominion’s experience, the level 
of difficulty initiating a larger innovation effort is not much more than is required for smaller efforts. 
As a result, there is greater value in larger efforts.

 Xcel Energy commented that they have an innovation team and separate teams for individual 
technologies at each site.

The facilitator asked, “Where do you collect most of your operating experience (OE)? Dustin 
Greenwood added, “Is there an aversion to sharing OE?”

 Xcel Energy commented that OE is not competitive. It is true that, OE is built on a philosophy that 
facilities keep and maintain information for themselves. Sharing OE is only an afterthought; 
connectivity to and collaboration with OE is a struggle in the industry. Usually OE is shared through 
networking activities.

 Christopher Wiegand of the Electric Power Research Institute (EPRI) commented that he believed 
there was not a struggle in industry with sharing OE; rather, there is an abundance of working groups 
that enable sharing.

- In response, Xcel Energy agreed with the availability of working groups that enable sharing 
although there should be additional ways of collaborating, as is seen in the high-tech industries. 

- William (Bill) Arbour of Entergy suggested that culture is one reason why the nuclear industry 
has not adopted alternative means of sharing OE.

 Bruce Hallbert of INL closed by suggesting that there should be a delineation between OE and 
experiences in innovation. 

 Sean Fuller and Theresa Sutter of Curtiss-Wright mentioned that there should be lessons learned from
existing initiatives (e.g., accident-tolerant fuels) that can be shared across industry. They commented 
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that there also needs to be a strategic short-term and long-term (i.e., 5 and 10 year) goal in mind. 
Working groups can serve to provide feedback if a particular strategy is not working. 

Finally, the facilitator asked if anyone from industry had developed a roadmap for innovation.

 Xcel Energy commented that they do not have an innovation roadmap yet, but do have an end-state 
vision based on costs. Their current approach is to learn as they work towards the end-state. They 
mentioned that there seem to be similar requirements across sites, which may offer an opportunity to 
leverage lessons learned. 

 Dustin Greenwood responded that utilities should be collaborative. 

 Marc Anderson of Xcel Energy agreed and commented that, “If we all do it the same way, it 
simplifies the process.”

3.2 Phase 2: Select

3.2.1 Presentation by Patrick Kopfle (Dominion): Nuclear Innovation Journey 
(Select)

Patrick Kopfle of Dominion Energy (Appendix G) presented his unique experiences in the Select
phase. Kopfle’s presentation highlighted the importance of understanding maturity when selecting a 
technology as this has impact on subsequent R&D needed and final costs. Further, Kopfle explained three 
importance components for selection. These included [1] developing a strong business case, 
[2] identifying a strong champion for innovation, and [3] identifying strong drivers to carry forward 
innovation.

Kopfle noted that the top reasons why startups and innovations in nuclear fail are that no market need 
exists or not enough funding was available for subsequent support. Patrick mentioned that selection 
should be strategic, organized, have a clear roadmap, consider regulatory and other barriers, and have a 
strong business case with definitive return on investment (ROI). He said that a common mistake is
“chasing the shiny object,” or selecting technology impetuously without carefully understanding the 
business case: what value the inclusion of such technology might provide. An example is the selection of 
drones, a popular technology, for performing certain tasks that could have been supported in a more cost-
effective way. Patrick advised developing both a 5- and 10-year plan; the business case should also be 
capable of simple descriptions, like “increased revenue” or “decreased costs from labor.” 

Next, Kopfle mentioned the need for a strong champion. This role should be at the management or 
executive level to ensure the greatest influence across the organization. To this end, Patrick mentioned the 
need for a a strong driver that will engage the right people to move innovation forward. One tool being 
used by Dominion Energy to support these processes includes an ‘Innovation Source’ website that enables 
innovation team members from across the organization to provide feedback on new ideas in support of 
key functional areas. The tool allows users to vote and provide feedback on innovative ideas, engaging
them in the selection process. Kopfle noted that this feedback, along with establishing an innovation 
committee, has helped ground ideas to these three components. Finally, he highlighted the importance of 
providing a clear roadmap for innovation. This roadmap should clearly categorize projects based on their 
technical maturity (e.g., mature, emerging, or R&D).
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3.2.2 Facilitated Discussion 2: Select

Notable Highlights

 One difference between new builds and existing plants when developing a long-term plan 
for data structure includes integrating new data with the existing infrastructure (for 
existing plants). For existing plants, this integration has been a challenge.

 One major industry challenge in anticipating obsolescence issues regards managing 
unique nonstandard software applications. The use of an innovation hub was mentioned 
as one tool that may help address this issue by promoting knowledge transfer across 
industry regarding lessons learned.

 Early involvement of end users is important in the selection of candidate technologies. In 
this process, use of testbeds like the HSSL can allow operators or other users to interact 
with advanced concepts early in the process, promoting greater acceptance of 
technology as well as further refining concepts to optimize human-system performance.

 Critically assessing the basis of existing requirements is important when selecting new 
capabilities to ensure innovation is not unnecessarily stifled.

 Tracking ROI is important at Phase 2. Metrics of cash flow and risk are typically 
considered at this stage in the process. Tools such as decision matrices have been used 
to support decision making to determine various technologies to support a capability.

The facilitator initiated the discussion by stating that the industry needs to think about humans first, 
even as technologists. If the industry does not consider humans in the selection of technologies, there will 
not be adequate buy-in. Further, the facilitator emphasized that a champion should not forcefully “ram 
[new technologies] down the throats of recipients” if the champion wishes to ensure sustained use.
Rather, champions should engage recipients in a way that they can evoke their own insights and feedback 
into candidate solutions (i.e., see Human-Centered Approach on page 56).

Next, the facilitator talked through the hand out on how to gather requirements (see page 54) and 
asked Dustin Greenwood if NuScale has a long-term plan for data structure as it evolves and is used over 
time. 

 Greenwood commented that NuScale does have a long-term plan in place. He mentioned that 
development differs depending on whether a new or modifications to an existing plant are planned. If 
the plan is for an existing plant, there is a need to integrate the data structure with the legacy structure. 
Dustin defined structure as the management of the many of data points (e.g., there can be one-to-
many and many-to-many relationships).

Next, the facilitator asked whether anyone in industry thinks about the importance of data structures.

 Patrick Kopfle of Dominion Energy confirmed that they consider the importance of data structure. 
Dominion Energy engages supervisors in an industry-standard process.

The facilitator asked how industry anticipates obsolescence issues with technologies.

 Don Bosnic of Xcel Energy commented that information technology (IT) generally manages the 
equipment, once implemented. That is, IT determines technology-refresh rates and software-update 
patching. Xcel Energy is also building a hub for pushing updates, using a unified process.

 Bill Arbour of Entergy mentioned that there were challenges with the Windows 10 upgrade, such as 
with finding compatibility issues with unique nonstandard software (i.e., one-off applications).
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- Alison Hahn of DOE and Theresa Sutter of Curtiss-Wright both replied to the effect that both 
utilities and vendors are aware of these issues and are trying to anticipate for this challenge when 
upgrading.

The facilitator then asked what other factors are considered in a cost-benefit analysis.

 Don Bosnic mentioned total cost of ownership is a major factor to consider. 

 Bill Arbour mentioned that many of the Adobe products use a subscription-based model, which was 
not factored in for their organization.

 Theresa Sutter of Curtiss-Wright mentioned that oftentimes utilities do not factor time to implement,
including time for IT and managing the changeover.

 Craig Primer of INL highlighted that the challenges he has seen in the past regard the application 
space for control systems. For instance, integration of databases between legacy and new control 
systems has been difficult.

- Jim Hill of Xcel Energy commented that one problem on this point pertains to the shadow IT
problem, where a single contractor develops a database for a specific purpose. This problem is 
compounded when the contractor leaves and fails to provide adequate documentation to transfer 
knowledge to maintain the database.

- Don Bosnic of Xcel Energy mentioned that it’s very difficult to collect analytics and other 
information from legacy databases, especially from shadow IT systems.

- Theresa Sutter responded that an innovation hub would support addressing these challenges. She 
mentioned that the sharing innovation experience across different companies is critical for 
addressing the difficulties with integration of both legacy and new control systems.

Bruce Hallbert of INL shared his experiences with visiting various U.S. nuclear power plants. During 
these visits, he saw that some of these plants had done significant digital modifications. In their process, 
the whole plant was modified before the simulator and main control room. By the time the simulator was 
modified, it was a digital control room; however, the digitization of controls was merely a replication of 
the original control room (i.e., like-for-like replacements). These utilities would typically explain that this 
replication was intentional, and the operators who were involved preferred minimal change. Further, the 
regulator did not have a problem with the upgrade, so it offered the path of least resistance. 

To this end, it is worth noting the Alison Hahn emphasized that one methodology that can be used to 
promote greater technology acceptance for advanced concepts is through early evaluations using test beds 
like the LWRS program’s HSSL, which is a full-scope and fully configural simulator testbed. Jeffrey Joe 
of INL further shared experiences with INL’s collaboration with Dominion Energy’s early involvement
with operators. Dominion provided their operators opportunity to demo advanced capabilities from the 
HSSL, as well as from other vendors including WEC and Mitsubishi. By giving operators this early 
exposure, Dominion experienced operators’ championing advanced capabilities that, despite requiring 
greater familiarization and training, will benefit the plant long term.

Next, the facilitator asked if utilities follow a formal process when writing requirements.

 Don Bosnic commented that Xcel Energy has a formal process by which requirements are reviewed 
line-by-line. When there is a change request, oftentimes there is a barrier at some level.

- The facilitator mentioned that an important aspect to consider when referring to existing 
requirements is determining why a requirement exists in a certain form. Examples given include 
minimal staffing requirements, as well as circle-slash requirements for computed-based 
procedures.

The facilitator then asked how ROI is captured, including use of metrics.



17

 Don Bosnic commented that utilities are getting savvy in developing cash-flow analysis. As they do, 
balancing short- and long-term gains is important.

 Bill Arbour commented that risk, among cost, is a major contributor for ROI. With risk, however, 
metrics typically only look at risks of selecting and implementing a new capability rather than also 
looking at risks of not selecting and implementing it.

 Christopher Wiegand of EPRI commented the net present value (NPV) is captured while evaluating 
risk. He commented that Duke Energy used NPV with their transformers. Christopher Wiegand 
highlighted that while NPV is typically employed for equipment, NPV could also be used for 
innovation (though this is more difficult).

Finally, the facilitator asked if a threshold is used to determining costs for selecting capabilities.

 Don Bosnic mentioned that Xcel Energy uses a decision matrix to help with the analysis. He 
commented that the tool helps with focusing on important considerations.

3.3 Phase 3: Implement

3.3.1 Presentation by James Hill (Xcel Energy): Drivers and Priorities

Jim Hill of Xcel Energy (Appendix G) presented his experiences in Phase 3, particularly with focus 
on the requirements for successfully integrating plant operations and IT. His presentation began by 
highlighting some of the key disparities between operations and IT regarding their fundamental 
philosophies. That is, plant operations focuses on maintenance, operations, and engineering, where 
objectives are met tactically while operators remain open to innovation and problem solving. Conversely, 
IT functions strategically and favors consistency and standardization for control and stability of 
infrastructure and services. Implementation of any advanced capability that impacts both plant operations 
and IT must reconcile these cultural differences.

Hill provided several solutions. From a plant operations standpoint, support for managing this 
perspectives gap includes engaging IT early in project planning activities through senior management, 
participating in strategic planning and technology selection, developing and maintaining situational
awareness of various IT projects and their strategic vision, driving IT to innovate to reduce costs, and 
establishing champions of technology who are senior management (e.g., vice presidents and chief Nuclear 
officers). For IT, potential solutions include involving operations in strategic planning, considering the 
drivers for plant operations, balancing standardization with innovation, and establishing innovation cycles 
that include input from plant operations.

Hill then pointed out that one challenge with bridging plant operations and IT pertains to their 
differences in accountabilities. That is, plant operations, as an organization, is influenced by site vice 
presidents and other related roles. Plant operations is accountable for operational efficiencies, reliability,
and safety of the plant. On the other hand, IT is influenced primary by the chief executive officer and the 
chief information officer. The primary accountabilities of IT include technology standardization and 
service-level commitments. Hill also provided recommended solutions to address this challenge, both 
from a plant operations and IT viewpoint. For both organizations, it is important to seek common 
accountabilities. Common accountabilities should be driven to the lowest level. Plant operations should 
avoid positioning IT as a service; likewise, IT should avoid positioning plant operations as a customer.
Hill then pointed out that, for both groups, day-to-day operations should be segregated to help bridge the 
organizations.

Hill discussed the overarching goals of Xcel Energy that drive innovation, including leading the 
clean-energy transition through increasing renewable and carbon-free energy to 61% by 2020 and 80% by 
2030. Xcel Energy needs nuclear energy to be successful in order to meet these goals. A key performance 
indicator (KPI) entails reducing costs per megawatt (MW) to ensure cost-effectiveness. A key driver for 
reducing costs per MW entails reducing total costs for operations and maintenance (O&M). Hence, Xcel 
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Energy’s business strategy for innovation across their nuclear-energy portfolio is focused on reducing
O&M costs, which will consequently reduce costs per MW that supports the mission of leading the clean-
energy transition.

Hill highlighted that innovation can be collectively described as making a meaningful change to 
improve services, processes, or organizational effectiveness and create new value for stakeholders. For 
Xcel Energy, meaningful change means supporting their overall nuclear business strategy and 
understanding how the change will reduce costs. Hill discussed that reducing total O&M costs entails 
reducing required staff size for operating and maintaining the plant. One primary solution to support staff 
reduction entails successful implementation of an electronic work package (eWP). With proper 
implementation, eWP can reduce costs through automating manual entries, linking databases, and 
eliminating cumulative-impact activities. Hill emphasized that, in order for the successful implementation 
of the eWP, early involvement of IT is necessary. In the initial attempt for implementing eWP at Xcel 
Energy, this did not happen. Consequently, the end result was that the existing format was merely 
presented as a Portable Document Format (PDF) file on a tablet. This end result unfavorably demanded 
substantial rework, requiring Xcel Energy to revisit the Identify and Select phases. 

Jim Hill mentioned that one result from Xcel Energy’s initial implementation of the eWP was the 
establishment of an innovation engineering team by Vice President and Chief Nuclear Officer Tim 
O’Connor. In this effort, one of the primary goals was to seek a process to successfully integrate IT in the 
implementation process. As a result, Xcel Energy formed One Xcel Energy Way (XE1), a continuous
improvement process. XE1 supports idea input, as well as business assessment and value determination of 
prospective ideas. The entire purpose of XE1 is to align innovation initiatives to business strategy.

Hill emphasized the importance of a focused strategy, driven by business concerns, at the 
implementation phase. Implementation of a standardized design processes such as IP-ENG-001 (Standard 
Design Chance), IP-ENG-004 (Standard Digital Engineering Process), and EPRI’s Digital Engineering 
Guide (DEG) described in EPRI 3002011816 are integral resources to support a focused strategy. Hill
also mentioned the importance of process management to establish performance excellence. Excellence is 
not achieved from rote benchmarking of other organizations. Rather, process management values process 
ownership and improvement within the organization’s culture. Merely adopting another organization’s 
culture without understanding why that culture was successful in continuous improvement will not 
guarantee effectiveness. To this end, a technology-centered solution will not be effective if it just attempts 
to automate misunderstood and mismanaged processes.

Successful implementation requires systems thinking, in which the collection of processes is thought 
of as a system. In identifying, selecting, and implementing a technology, systems thinking emphasizes 
answering what needs to be supported, who are the users, and how is the proposed solution helping the 
users. Effective teams that support systems thinking are cross-functional. These teams cut across multiple 
functional areas when developing innovation solutions.
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3.3.2 Facilitated Discussion 3: Implementation

Notable Highlights

 Successful implementation requires systems thinking: key stakeholders are identified and 
considered for important input. Cross-functional teams are established that consider input 
across multiple functional areas. Further, users of the innovative solution are involved 
early in the development and implementation process.

 Establishing and maintaining early coordination between engineering, operations, and IT 
is important for successful implementation of a technology or process.

 Early understanding of user needs is critical in implementation. This effort goes beyond 
merely collecting their preferences. Having a systematic and science-based approach 
that balances human-system performance is important in leveraging the capabilities of 
new technologies and processes that ensure business needs are met. To this end, 
following a systems engineering approach is integral in ensuring all technical 
considerations are addressed.

 An agile methodology may support implementation by enabling an iterative design-
feedback loop that accounts for input from various engineering disciplines, key 
stakeholders, and the end users. Including end users in iterative prototyping cycles can 
help key users understand how best to take advantage of the new capability.

 Having a change-management plan in place can provide a structured way of coordinating 
efforts across involvement organizations.

 Creating a shared desire for change across an organization and understanding of the 
new capability is important for managing expectations with a new capability.

The facilitator initiated the discussion of the implementation phase by providing attendees with 
printed information sheets about tools that can be used at Phase 3 to support an overarching HCD process 
(refer Figure 7). These tools are provided on pages 56–58 of Appendix E. The facilitator emphasized how 
the HCD process aligns with Jim Hill’s message through its emphasis on collecting input from key 
stakeholders, developing a cross-functional team, and involving the actual users affected by the 
innovation.

Lead of the Plant Modernization LWRS Pathway Craig Primer then posed a question, “Are 
innovation projects managed differently than capital projects?”

 Patrick Kopfle of Dominion Energy indicated larger innovation projects are managed as large capital 
projects. These projects also have management sponsors of implementation. Innovation groups work 
to get the project approved and then follow through implementation through close coordination with 
IT.

Shawn St. Germain of INL asked if, through INL’s non-disclosure agreement (NDA), INL could have 
access to Xcel Energy’s long-term roadmap.

 Xcel Energy representatives indicated that they should be able to share their roadmap.

Craig Primer asked how the Nuclear Information Technology Strategic Leadership (NITSL) supports 
coordination between engineering, operations, and IT.

 Jim Hill pointed out NITSL alignment on expanding Wi-Fi as a network technology. It is more 
universal than other network technologies such as radio-frequency identification (RFID), 900 MHz, 
4G, or 5G. Hill mentioned that Southern Energy has paused implementation of RFID.

The facilitator then asked how end-user experience is being evaluated during implementation and 
whether there were any particular challenges.
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 Representatives from Xcel Energy commented that one of the shortcomings from their initial 
implementation of the eWP was the lack of user involvement early on, which cost them in the long 
run. For instance, they mentioned that Xcel Energy initially treated their scope as a one-size-fits-all 
solution and didn’t understand the needs of the broader user base, which were tied to their several 
requirements. A key contributor to this misalignment was failure to recognize the need to change the 
overall culture to foster innovation. One proposed methodology to solve this problem was an agile 
process, and another was a continuous-improvement process to rapidly evaluate ideas and foster 
innovation.

Katya Le Blanc of INL asked if any of the utilities or vendors had formal expertise in human factors 
engineering to support requirements gathering and early design and evaluation involvement for 
implementation of innovation initiatives.

 There was a consensus among both utility and vendor groups that an absence of expertise in human 
factors resources internally characterized their efforts. Xcel Energy mentioned that lacking this degree 
of expertise while pursuing large projects in innovation space introduces additional project risks and 
self-imposes process restrictions that limit overall effectiveness of the project.

 Xcel Energy commented that collecting data from end users is important, but not the only 
consideration. Having a science-based selection of technologies is preferable because initial feedback 
from users may not be representative of feelings about the final solution after refinement.

 Craig Primer mentioned that an agile process can benefit the process of collecting end-user feedback 
and ensuring multiple disciplines are aligned in an implementation strategy.

- Patrick Kopfle mentioned that they are not using agile process. He then asked Xcel Energy if they 
are using agile for innovation. Xcel Energy indicated that they are not using agile yet; however, 
Theresa Sutter of Curtiss-Wright mentioned that, as a vendor, they are receiving an increased 
request for supporting agile.

 Asgeir Drøivoldsmo of IFE commented that they have found value in having staff with a background 
in industrial design support their projects. Asgeir also mentioned that, if a new design is significantly 
different from the existing convention, additional prototyping with end-user involvement is necessary 
to help them understand how to take advantage of the new capability.

 Xcel Energy highlighted the value in having a good roll-out plan. They use a formal change-
management process to proactively support implementation of a new capability. This point 
corroborated Jim Hill’s message of having a focused strategy whereby all impacted organizations 
have a common understanding of the initiative at hand and are able to proactively plan for 
implementation activities, rather than merely react.

The Phase 3 discussion closed with the question of what barriers might be at play during 
implementation of new capabilities. 

 Theresa Sutter commented that a lack of training for new products and processes is one problem they 
have experienced.

 Katya Le Blanc closed by mentioning that managing expectations of a new capability at 
implementation is important. To this end, fostering a desire for change is important to establish buy-in 
across all areas of the organization. This latter point ties in to the first step in Kotter’s eight-step 
change model (Figure 2), ensuring a sense of urgency across an organization.
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3.4 Phase 4: Evaluate

3.4.1 Presentation by Asgeir Drøivoldsmo (IFE): Evaluating Innovation 
Technologies – Organizational Capabilities

Asgeir Drøivoldsmo of IFE (Appendix G) presented on Phase 4 by sharing his experiences in the 
petroleum industry. Drøivoldsmo’s presentation focused on the business case for reducing overall costs 
through the implementation of integrated operations (IO) or real-time collaboration in operations. He
pointed out that there is a $20–25B opportunity in the Norwegian oil and gas industry to increase
production. The capabilities that were considered to achieve this goal included advanced downhole 
equipment and smart wells, fiberoptic cable infrastructure for onshore-to-offshore, upgrading equipment 
that demands frequent inspection or extensive maintenance, advanced operation centers, upgrades to 
control and IT systems, and advanced automation functions. 

The area Drøivoldsmo focused on for his presentation concerned reducing the number of required 
staff members offshore through integrated work processes. Drøivoldsmo illustrated the evolution of these 
approaches. Through a phased approach, traditional processes involving self-sustainable fields, 
specialized onshore units, and periodic onshore support transformed to integrated operation centers, 
heavily automated processes, and continuous operation. Drøivoldsmo highlighted that an important aspect
of the IO transformation entailed identifying success criteria. He provided a notable illustration that 
summarized a framework used for defining these criteria (Figure 9). 

Figure 9. Identified success criteria for IO (adapted from Asgeir Drøivoldsmo’s presentation).

An important takeaway is that implementing and evaluating a new capability should go beyond 
focusing on the technology alone. Rather, success should be defined holistically by accounting for 
considerations that impact people (e.g., stakeholders and users), as well as the organization as a whole. 
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Furthermore, the illustration presented by Drøivoldsmo shows a hierarchical framework for establishing 
success. That is, success as defined from a lower level (e.g., data capture/data basis) was necessary for the 
success of the subsequent level. 

Drøivoldsmo highlighted important elements of ensuring success during the Evaluate phase. He
emphasized that identification and development of an advanced capability needs to be grounded in 
meeting specific business objectives. To be identified, capabilities should provide benefit across the 
different silos of an organization. During development, a capability’s requirements should be defined, and
its maturity level should be assessed. IFE has a matrix tool to assess a capability’s level of maturity; the 
tool comprises multiple dimensions and is based on the people capability maturity model (P-CMM). This
P-CMM-based matrix allows IFE to assess a capability’s maturity level across each dimension (i.e.,
people, processes, organization, and technology).

Drøivoldsmo shared several potential challenges of which organizations should be cognizant during 
Phase 4. These challenges were categorized into the four interdependent categories mentioned above: 
technology, people, processes, and governance. Challenges with technology pertain to issues related to 
having sufficient connections for transfer of data, data security, availability of equipment, functionality 
and maintenance issues, and compatibility of technology across different organizational boundaries. 
Identified challenges under people pertained to having the right competence in place to use the 
technology, establishing a common goal and understanding of each role, and trusting each other to ensure 
appropriate collaboration. Process challenges regarded a need to align or adapt the different processes 
involved across the organization and establish any necessary-support processes, including training and 
future process refinement. Governance challenges to consider include establishing contracts that address 
issues to support successful operations, ensuring adequate commitment to move forward, and putting the 
right incentives in place.

Next, Drøivoldsmo provided guidelines for running efficient and effective meetings. These guidelines 
support the success of the IO-transformation case study. An effective meeting should be goal oriented and 
held to meet a specific need in the established work process; these goals should be commonly understood 
by the team. Further, attendees should each have a specific role at the meeting. A fixed agenda is given 
for the meeting and any item mentioned outside of this defined scope is backlogged for a future meeting. 
Finally, meetings should be regularly evaluated to understand whether its purpose accurately reflects the 
overall project goal at hand.

Drøivoldsmo closed by highlighting how to reflect on a project’s positive and negative results to 
understand future initiatives and the way the organization can learn from current results to make
subsequent improvement. In his example, he listed what went well and what went wrong during the first-
and second-generation work-processes integrations. Items listed were generalized beyond just 
technology-centered items. Rather, Drøivoldsmo focused on items that impact people, the organization, 
and the technology (see Figure 9). 



23

3.4.2 Facilitated Discussion 4: Evaluation

Notable Highlights

 Success should be defined up front and should holistically capture elements of the 
people, organization, and technology. Currently, success metrics captured in the nuclear 
industry tend to be higher level, focused on productivity. Example measures for ROI 
concern outage time and cost.

 In the nuclear industry, unanticipated successes were not typically captured (i.e., at least 
not consistently) using a formal process. Opportunity to develop a resource that allows
utilities to share lessons learned across each phase of innovation exists and would 
document unanticipated successes allow their application across different innovation
initiatives.

 There are socio-technical considerations with innovation in the nuclear industry. Currently 
in industry, there are demands for new workforce to acquire technical skills with legacy 
technologies, which has placed added stress to growing the talent pool.

 Lessons learned in innovation projects, such as efforts in the evaluation phase, are not 
formally captured or freely shared in a formal repository. Having a centralized resource to 
enable sharing would be valuable.

 There is opportunity to support industry in providing a clear road map for innovation to 
support an endpoint vision.

 Continuous improvement requires a change in culture or mindset. One approach for 
gaining traction in this aim is to identify smaller projects and track ideas that were 
adopted. Lessons learned can be pulled from these experiences.

 In the exchange of information across industry, consideration should be given to
differences in objectives between utilities. Furthermore, the type of innovation and 
whether the change is incremental or radical should be considered when gleaning 
lessons learned.

The facilitator initiated the discussion by asking Asgeir Drøivoldsmo if success was formally defined 
from the beginning. 

 Drøivoldsmo mentioned that success was defined from the beginning, based on revenue (e.g., 
“draining the reservoirs”). Manning to support the innovation initiative was planned as well.

 Marc Anderson and Don Bosnic of Xcel Energy tied their experiences in the nuclear industry to the 
conversation. They mentioned that nuclear power plants are limited by their capacity factor. Further, 
staff reduction has traditionally been discussed through normal attrition. Unfortunately, they pointed 
out that this approach is too slow and can cause reduction in staff in an unplanned way, which is not 
always desirable.

 Drøivoldsmo mentioned that there has been a recent push to minimize the number of disciplines 
needed for operations. With advances to processes and technology, one consideration has been to 
reduce education and training requirements.

 Paul Hippely of WEC added that another issue with staff reduction in the nuclear industry concerns 
whether the plant is comprised of a unionized workforce.

The facilitator transitioned by asking if anyone encountered surprise successes. 

 Dustin Greenwood of NuScale responded that they do not count on surprise successes; they treat 
unanticipated successes as a gift.
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 Marc Anderson commented that unanticipated successes are sometimes captured at Xcel Energy in 
their critiques. 

 Don Bosnic of Xcel Energy followed up this point with an example illustrating the converse. During 
outage, they found compliance with schedule and production dramatically improved by changing the 
number of prejob briefs and responsibilities through increasing staff members’ level of ownership and 
involvement. This outcome was not expected; interestingly, their lessons learned were not formally 
captured and re-applied across different organizations. Bosnic commented that the degree of 
evaluation regarding the successes of a project will be influenced by its size and scope. For instance, 
larger initiatives, such as integrating Wi-Fi, require greater evaluation of both successes and lessons 
learned. Xcel is currently struggling to understand what can be achieved with Wi-Fi; more evaluation 
is needed. 

 Patrick Kopfle of Dominion Energy added that budgets are typically adjusted upfront. In practice, 
successes should be measured by evaluating whether the objectives of the project were met. However, 
this practice is not always followed. Dominion allocates its savings, which makes it difficult to go 
back to evaluate.

 Drøivoldsmo mentioned that one way IFE tracks success is by measuring the amount of travel from 
onshore to offshore for collaboration activities. 

 Don Bosnic commented that consolidating operations of multiple nuclear power plants into a single 
operations center would enhance overall ROI. To this end, control access would not be needed for 
many use cases.

The facilitator asked if travel time is captured for field operators.

 Don Bosnic responded that this level of detail is not captured and that there is no benefit collecting 
success metrics at this level of detail. Don mentioned that they are concerned primarily with the 
amount of work done.

 The facilitator then replied that in her experiences with computer-based procedures, industry’s initial 
impressions were negative towards tracking detailed metrics such as operators’ time in the field.

 Bosnic replied that there is a fundamental trust issue with tracking metrics like time in the field for
the nuclear industry. By contrast, he provided the analogy of how professional sports players
commonly use performance metrics to help improve their abilities. He followed up that larger global 
goals are what really are tracked today.

The facilitator then asked if metrics concerned with recruitment and retention might be worth 
considering for initiation projects.

 Bosnic commented that the industry as a whole is currently on the wrong side of the equation. He 
elaborated that the new workforce is required to learn older technologies such as FORTRAN. An 
approach for addressing this concern at Xcel Energy is through strategic staffing.

The facilitator asked if anyone had a formal process for capturing lessons learned and determining 
ROI at Phase 4.

 Bosnic mentioned that, for larger initiatives, there is an expectation of reduced outage duration and 
lower overall costs. The process is not formal, but is continuously evolving and improving through 
lessons learned. This process is rapidly changing without much formal documentation to support
knowledge transfer. Xcel Energy is open to sharing lessons learned with industry and has shared them 
with a dozen utilities. He said that it is easy to differentiate between utilities interested and not 
interested in learning from Xcel Energy’s experiences. A final point made here was that Xcel Energy 
currently has a clear endpoint vision, but lacks a clear roadmap to reach this vision. This was a 
motivation for attending the workshop.
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The facilitator followed up by asking about experiences with smaller projects.

 Jason Remer of Remer Consulting LLC followed up this question by encouraging industry to 
consider smaller projects: “If you’re waiting for the big win, you’ll never get it. Trying the smaller 
ones builds the culture change.” Remer emphasized that continuous improvement is cumulative and is 
an approach that leads into transformational change. Adapting a new mindset or culture is pertinent to 
the success of such an approach.

 Kate Jackson of KeySource added that one metric that could determine success and track continuous 
change might be tracking the number of ideas that are adopted. She elaborated that this metric is use-
case driven, which can help defined the scope of given technologies.

Bruce Hallbert of INL mentioned that he was impressed by the number of first movers in the industry. 
He commented that each approach has been slightly different, which is leading to positive outcomes with 
lessons learned. Halbert closed by asking if there was anything that could be done to systematically 
remove risk in these efforts.

 Katya Le Blanc of INL mentioned that larger projects may have tools such as agile to support 
innovation. However, particularly with smaller projects, one method that might help would entail 
building a community to exchange lessons learned.

 Patrick Kopfle added that a website would be greatly valuable. Management continuously asked him 
whether others in industry are involved in similar initiatives; in this case, the website would allow 
utilities to learn about others actively pursuing certain projects.

The facilitator concluded by asking if anyone in industry would be willing to share lessons learned 
from an innovation portal.

 Marc Anderson mentioned that there are different drivers for innovating in the nuclear industry, 
which is something to consider in an exchange of information. There could be a challenge 
establishing a common platform if different objectives drive the utilities.

 Dustin Greenwood suggested also considering the different types of innovation. That is, there are 
incremental and radical changes. Understanding what approach is being taken is an important 
consideration for the exchange of information.

3.5 Wrap-up Discussion

Craig Primer closed the workshop by providing an opportunity for those who attended to bring up any 
key points or concerns that were not covered during the facilitated discussions. While there were no 
structured questions administered at this time, the freeform discussion uncovered notable findings, 
including [1] insights into the interests and structure of a web-based innovation portal, [2] possible 
concerns to consider for subsequent innovation initiatives, and [3] next steps in developing an innovation 
portal and establishing an innovation group. 

Primer posed the question of what sort of information should be collected for a web-based innovation 
portal. The information sheets provided (see Appendixes C and D) were regarded as a good basis for 
content. Having contact information was suggested to allow for follow up of detailed information, as
necessary. A notable comment was that the complexity of the data being requested will directly influence 
the web portal’s ease of adding new information. A preference was expressed for less complex 
information on a web portal, with contact information for follow-up as needed. Another concern was the 
accuracy of the data being entered. That is, there would need to be a process to verify information being 
added to ensure validity. There was also a desire to map a utility’s current state to their desired end state
and have a roadmap on how to get there.

Concerns brought up at this wrap-up discussion included [1] ensuring success at the regulatory level 
on a given innovation initiative and [2] changing the culture to allow for shorter bursts of investment to 
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innovate on smaller projects. One comment was that industry should take greater advantage of research 
organizations like DOE and EPRI, organizations that can serve as a resource for aligning utility initiatives 
to their endpoint vision. An innovation portal could support industry through providing a unified resource 
for the current technologies available, demonstrating how they interrelate for business-driven innovation 
that addresses a specific functional area. An identified advantage of a portal being hosted by the LWRS 
program was that this model supports a neutral platform for an honest assessment of the technologies.

Primer closed this workshop by discussing next steps in promoting an innovation ecosystem for the 
nuclear industry. One direction that came out of this workshop was the development of a portal to support 
innovation in the nuclear industry. Another direction was to establish an innovation group to routinely 
convene and discuss lessons learned and any innovation progress for the industry. It was understood from 
group discussion that current working groups like those for modernization may not have the appropriate 
cohort to discuss matters related to innovation. An important element that for establishing an innovation 
group is the inclusion of a diverse cross-section of age cohorts to ensure input that is given 
comprehensively reflects the needs of both the newer and more experienced workforce. A final item 
Primer mentioned was to further socialize the need for innovation in the nuclear industry through 
continual opportunities including recurrent meetings with utilities, vendors, and research organizations. 
These opportunities will ensure a larger sample of the nuclear community becomes aware of the most-
current innovation initiatives and is able give input that shapes the path forward for the nuclear industry 
as a whole.
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4. SURVEY FINDINGS

A total of fifteen (n = 15) attendees completed the feedback survey (see Appendix H). Table 2
tabulates these attendees who completed the survey by their respective organization.

Table 2. Frequency count of survey completions by organization.

Xcel 
Energy

Curtiss 
Wright

INL 
Support

KeySource Entergy NuScale
Dominion 

Energy
No 

Response

6 2 1 1 1 1 1 2

Findings from the survey were categorized as [1] impressions of the workshop and [2] interests in 
future workshop activities. These findings are reported next.

4.1 Impressions of the Workshop

Usefulness of the workshop was collected as a self-rating that ranged from 1 (not at all useful) to 10 
(extremely useful). Overall responses were positive regarding attendee’s perception of the workshop’s
usefulness. The mean usefulness rating was 8.14 (Figure 10), the median was 8 (i.e., indicated as a circle 
in Figure 10), the minimum was 7 (i.e., indicated as a white crosshair in Figure 10), and maximum was 10
(i.e., indicated as a teal crosshair in Figure 10). 

Figure 10. Average usefulness rating of workshop with 90% confidence interval.

Aspects of the workshop that attendees liked most were collected from the survey. The most 
frequently mentioned aspects of the workshop that attendees liked most related to the general format of 
the workshop; namely, attendees liked the facilitated discussions (n = 8) and industry presentations 
(n = 7). Notable responses were:

 “Having Dustin and Asgeir involved was great (different perspectives from basic nuclear thinking)”

 “The format was simple and having stakeholders present at the beginning of each section was 
engaging. The INL team did a good job bringing plant stakeholders together.”

The next most commonly cited aspects that attendees liked related to the level of engagement at the 
workshop (n = 4), the framework (n = 4), and tours of INL’s capabilities (n = 3). Notable comments under 
these themes included:

 “I thought there was a lot of engagement. I was happy to see the industry participation.”

 “Framing of the meeting into 4 areas was good. Aligned with [the] speakers.”

 “Exposure and understanding of INL resources and availability for further industry collaborative 
efforts.”

Opportunities for improvement for future workshops was also collected from the survey. The most 
frequent comment regarded having greater utility representation (n = 6). A total of three utilities were 
represented at this initial workshop. A common rationale for desiring greater representation was to 
promote a more complete and broader perspective of the issues brought up during the facilitated 
discussions. Another comment made by attendees (n = 3) referred to having more specific examples used 
in the facilitated discussions. Attendees mentioned that having specific technologies and projects would 
aid the discussion.
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4.2 Interests in Future Activities

Most of the attendees (n = 13) responded that they would be interested in an innovation group should
one be established (see Figure 11). One attendee responded with a response of “unsure” while another 
attendee did not respond to this question (i.e., this attendee did not complete the back page of the survey). 
The attendee who responded as unsure explained, “Depends; would need to be 'mapped' around other WG 
groups to prevent duplication. Would need to be focused on things that really matter (for me).”

Figure 11. Frequency interested in participating in an innovation group if established.

Most of the attendees (n = 11) responded that they were interested in an innovation portal (see 
Figure 12). Three attendees were unsure on the portal, and one attendee did not respond to the question. 
Attendees who were interested commented that having an innovation portal would be extremely helpful, 
especially if it promoted collaboration across industry. Notable responses for those who were unsure 
included:

 “For now, I would say No. A portal for the working group to engage INL in support of innovation 
topics, projects, and proposed funding paths would be useful.”

 “If focused on topics incremental step change (innovation process risk [management]).”

Figure 12. Frequency interested in an innovation portal.
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5. CONCLUSION AND NEXT STEPS

The Nuclear Innovation Workshop set out to help nuclear power professionals understand core 
qualities that are necessary for successful innovation. The approach shared and discussed at this workshop 
considered the processes, teams, and organizational capabilities needed to implement advanced plant 
technologies. Key activities of the workshop included industry presentations, facilitated discussions of 
each of the four innovation phases (i.e., Identify, Select, Implement, and Evaluate), and a post-workshop 
feedback survey. Moreover, the workshop provided several tours of INL’s facilities to demonstrate the 
value of advanced tools, methods, and capabilities offered by the LWRS program.

Key members from industry presented on their unique experiences in engaging in a given innovation 
phase. These presentations shared experiences not only from traditional LWR utilities, but more broadly 
touched on lessons learned from related sectors, such as with SMR design and from the oil and gas 
industry. Open conversation about key challenges and considerations for innovation in the nuclear 
industry was afforded through the facilitated discussions. These findings were structured around each of 
the four phases and are highlighted in Section 3. Further, a feedback survey was given to attendees at the 
close of the workshop to elicit feedback on the quality of the workshop and their impressions of future 
initiatives for promoting an innovation ecosystem, such as with developing a web-based innovation portal 
and establishing an innovation group. These findings are presented in Section 4. Finally, contact 
information from the attendees of this workshop, industry presentations, and all related materials can be 
found from the following LWRS program webpage:

https://lwrs.inl.gov/Innovation_in_the_Nuclear_Industry_June_2019/Home.aspx

Moving forward, action items that came from the workshop broadly included the development of an 
innovation portal, establishment of an innovation group, and continual socialization of current status and 
lessons learned in innovation across industry through reoccurring meetings with utilities, vendors, and 
research organizations. To this end, the information collected from this workshop will be used to inform 
these future initiatives.

https://lwrs.inl.gov/Innovation_in_the_Nuclear_Industry_June_2019/Home.aspx
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Appendix A

Workshop Agenda

Wednesday, June 26th, 2019

Energy Innovation Laboratory (EIL) Meeting Center, 775 University Blvd, Idaho Falls, ID 
(Rooms A111-A113)

Time Subject Location Speaker

7:30 a.m.
Badging – Willow Creek Building
1995 Fremont Avenue, Idaho Falls, ID

WCB Casey Kovesdi, INL

8:00 a.m. Welcome and Purpose of Meeting EIL, A111-113
Bruce Hallbert, INL
Craig Primer, INL

8:15 a.m. The Vision of Nuclear Innovation EIL, A111-113 Craig Primer

9:00 a.m.
Introducing the Four Phased Approach for
Managing Innovation

EIL, A111-113 Craig Primer 

9:30 a.m. Break (as needed) EIL, A111-113

9:45 a.m. Identifying Potential Technologies EIL, A111-113
Dustin Greenwood, 
NuScale

10:45 a.m. Phase 1: Identification EIL, A111-113
Shawn St Germain, 
INL
Casey Kovesdi

Topic: How to identify an opportunity to improve a functional area and to identify potential advanced capabilities 
and supporting individual technologies.

12:15 p.m.
Working Lunch: Overview of LWRS Research 
Activities

EIL, A111-113 Vaibhav Yadav, INL

1:15 p.m. Selecting Candidate Technologies EIL, A111-113
Patrick Kopfle, 
Dominion

2:15 p.m. Phase 2: Selection EIL, A111-113
Katya Le Blanc, INL
Jeffrey Joe, INL

Topic: How to evaluate identified advanced capabilities and technologies for cost to implement, expected benefits, 
and implementation challenges. Multiple identified potential ideas are prioritized.

3:45 p.m. Break EIL, A111-113

4:00 p.m.
Tour Human Systems Simulation Laboratory’s 
(HSSL) Capabilities in Early Evaluation of 
Candidate Technologies

EIL, B207 Casey Kovesdi

5:00 p.m. Adjourn
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Thursday, June 27th, 2019

Energy Innovation Laboratory (EIL) Meeting Center, 775 University Blvd, Idaho Falls, ID 
(Rooms A111-A113)

Time Subject Location Speaker

8:00 a.m. Recap and Overview of Day 2 Agenda EIL, A111-113 Craig Primer

8:15 a.m. Implementing Innovation Technologies EIL, A111-113 Jim Hill, Xcel

9:15 a.m. Phase 3: Implementation EIL, A111-113
Casey Kovesdi
Shawn St Germain

Topic: How to implement the selected technologies using project management techniques specific to technological 
applications to ensure successful implementation with minimal risk. How to develop a change management plan 
and metrics to measure project success in Phase 4.

10:45 a.m. Break EIL, A111-113

11:00 a.m.
Tour the Computer-Assisted Virtual 
Environment (CAVE) at CAES

CAES Casey Kovesdi

12:15 p.m.
Working Lunch: Best Practices for Validation 
in Innovation Implementation 

EIL, A111-113 Zachary Spielman, INL

1:00 p.m. Evaluating Innovation Technologies EIL, A111-113
Asgeir Drøivoldsmo, 
IFE

2:00 p.m. Phase 4: Evaluation EIL, A111-113
Ahmad Al Rashdan
Casey Kovesdi

Topic: How to monitor the new capability based on success metrics, make corrections as necessary, and feedback 
results into the long-range strategy.

3:30 p.m. Break EIL, A111-113

3:45 p.m.
Wrap-up: Summary Discussion of Four 
Phased Approach for Managing Innovation

EIL, A111-113
Katya Le Blanc
Casey Kovesdi

4:15 p.m. How to Support Innovation Going Forward EIL, A111-113 Craig Primer

5:00 p.m. Acknowledgements and Adjourn

Friday, June 28th, 2019

Energy Innovation Laboratory (EIL) Meeting Center, 775 University Blvd, Idaho Falls, ID 

Time Subject Location Speaker

8:30 a.m. Meet at EIL EIL, A Lobby

9:00 a.m. Tour of INL’s Facilities

1:00 p.m. Adjourn



37

Appendix B

List of Attendees

Name Company Title Email Phone
Sean Fuller Curtiss-Wright Innovation Lead sfuller1@curtisswright.com 203-448-6415

Theresa Sutter Curtiss-Wright Director, 
Information 
Solutions

tsutter@curtisswright.com 727-669-3027

Patrick Kopfle Dominion Energy Nuclear Technology 
& Innovation 
Consultant

patrick.j.kopfle@dominione
nergy.com

804-273-2794

William Arbour Entergy Operations CFAM warbour@entergy.com 760-504-9071

Christopher 
Wiegand

EPRI Senior Technical 
Executive

cwiegand@epri.com 630-659-8134

Bruce Halbert Idaho National 
Laboratory

Director bruce.hallbert@inl.gov 208-526-9867

Casey Kovesdi Idaho National 
Laboratory

Human Factors 
Scientist

Casey.Kovesdi@inl.gov 208-526-2336

Craig Primer Idaho National 
Laboratory

Plant Modernization
Lead

Craig.Primer@inl.gov 208-526-8376

Jeffrey Joe Idaho National 
Laboratory

Principal Human
Factors Scientist

jeffrey.joe@inl.gov 208-521-4886

Jeremy Mohon Idaho National 
Laboratory

Human Factors 
Scientist

Jeremy.Mohon@inl.gov 208-526-1246

Katya Le BLanc Idaho National 
Laboratory

Principal Human 
Factors Scientist

katya.leblanc@inl.gov 208-526-1395

Paul Hunton Idaho National 
Laboratory

Research Lead Paul.Hunton@inl.gov 208-526-3045

Rachael Hill Idaho National 
Laboratory

Human Factors 
Scientist

Rachael.Hill@inl.gov 208-526-2259

Vaibhav Yadav Idaho National 
Laboratory

Research Scientist Vaibhav.Yadav@inl.gov 208-526-3910

Zachary 
Spielman

Idaho National 
Laboratory

Human Factors 
Scientist

Zachary.Spielman@inl.gov 208-526-1870

Asgeir 
Droivoldsmo

IFE Principal Research 
Scientist

asgeir.droivoldsmo@ife.no n/a

Kate Jackson KeySource Director, Energy 
and Technology 
Consulting

Kathryn.j.jackson@gmail.co
m

412-596-6451

Dustin 
Greenwood

NuScale Power Director, Plant 
Startup & Service

dgreenwood@nuscalepowe
r.com

432-978-2231

Jason Remer Remer Consulting 
LLC

Principal sjr@remereng.com 202-431-8204

Sean Lawrie ScottMadden Partner seanlawrie@scottmadden.c
om

919-781-4191

Alison (Krager) 
Hahn

U.S. Department of 
Energy

Federal Program 
Manager

alison.hahn@nuclear.energ
y.gov

301-903-5049

Clinton Carter Utilities Service 
Alliance

USA Director - Fleet 
Modernization

clintoncarter@charter.net 254-258-3716

Paul Hippely Westinghouse 
Electric Company

Manager, Global 
I&C Marketing

hippelpj@westinghouse.co
m

724-994-9449

Charles Edwards Xcel Energy Nuclear 
Transformation 
Team

charles.edwards@xenuclea
r.com

715-441-8804

mailto:alison.hahn@nuclear.energy.gov
mailto:alison.hahn@nuclear.energy.gov
mailto:Zachary.Spielman@inl.gov
mailto:Rachael.Hill@inl.gov
mailto:Jeremy.Mohon@inl.gov
mailto:Craig.Primer@inl.gov
mailto:bruce.hallbert@inl.gov
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Name Company Title Email Phone
Don Bosnic Xcel Energy General Manager 

Nuclear Fleet 
Operations -
Strategy and 
Initiatives

don.bosnic@xenuclear.com 315-396-5766

Gene T. Foote Xcel Energy NPP 
Transformation 
Team Member

gene.foote@xenuclear.com 612-330-7503

Henry H. 
Butterworth III

Xcel Energy Project Manager henry.butterworth@xenucle
ar.com

715-781-3094

James Hill Xcel Energy IT Projects Program 
Manager

james.hill@xenuclear.com 651-267-7266

Kyle Frazer Xcel Energy n/a n/a n/a

Marc Anderson Xcel Energy Nuclear Innovation 
Engineer

marc.anderson@xenuclear.
com

612-330-6438
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Appendix C

Example Content for Advanced Capability Pages
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Appendix D

Example Content for Base Technology Pages
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Appendix E

Tools Applicable to Nuclear Innovation
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Appendix F

Facilitated Discussion Semi-Structured Questions

Phase 1: 
Identify

• Does your organization have a formal Innovation Manager/Group?
• How does your organization solicit Innovation ideas from 

employees?
• What group within your organization is generally tasked with 

managing Innovation initiative?
• What organizations does your utility participate with to identify 

Innovation initiatives?
• Where does your organization look for potential Innovation 

solutions to implement?
• Does your organization have a long-term roadmap or plan on 

technologies it intends to pursue?

Phase 2: 
Select

• How do you do you gather and evaluate requirements?
• How do you document requirements?
• Do you have a formal process for revisiting and evaluating 

requirements at each stage?
• Is there a project that you have missed important requirements 

that ultimately affected the success of the project? 
• How could you have captured those requirements earlier? 
• Have you changed your process to ensure you don’t miss 

requirements? How?
• Are there subsequent projects that have benefitted from the 

lessons learned? 
• Do you have a formal process for evaluating technologies?
• When evaluating and comparing potential projects how do you 

compare the cost/benefit? Are there certain factors that matter 
more than others?

• When comparing different technologies for the same project, how 
do you compare the cost/benefit of each technology, are the 
factors different than above?

• Do you revisit assumptions about costs and benefits throughout 
the project?

• How do you evaluate risk?
• Do you have a defined threshold of acceptable risk?
• What is it based on (e.g., cost, schedule, project success, 

or a combination)?
• Who has input into the selection process for choosing a project?
• Who has input into the selection process for a technology for a 

specific project?
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Phase 3:
Implement

• Could you share an example of a successful recent Innovation 
project that has gone through the Implement phase?

• What are some of the important characteristics of this 
phase that made this project successful?

• Could you share an example of a failed or disappointing recent 
Innovation project that has gone through the Implement phase?

• What are some of the important characteristics of this 
phase that made this project unsuccessful?

• Who has used a Multi-Disciplinary (Systems) Approach in 
Implementing a new technology? 

• Are there any notable benefits to this approach?
• What disciplines are involved? How are they integrated in 

the overall process (e.g., are there cross-functional teams 
or separate teams by discipline)? 

• Are there any notable tips for successfully using a Multi-
Disciplinary Approach?

• Has there been any challenges with integrating this 
approach in Implementation?

• Who has used a Human-Centered Design (HCD) Approach in 
Implementing a new technology? 

• Are there any designated human factors engineers on the 
project? What are their backgrounds?

• Are there any notable benefits to this approach?
• Are there any notable tips for successfully using a HCD 

Approach?
• Are early design concepts generated and evaluated by end 

users? How are these designs created? How are these 
designs evaluated (what validation and verification activities 
are used)?

• Has there been any challenges with integrating this 
approach in Implementation?

• *What Change Management techniques are important for the 
success of Implementation?

• Are there other processes used in your organization (e.g., Agile, 
Lean, DFSS/DMAIC, ‘Vee’ Model) to support implementation?

• Were success metrics developed at this phase? How were they 
selected (e.g., was a framework like SMART used)? 

• Is there anything else that was not covered that should be 
discussed about Implementation?

Phase 4:
Evaluate

NA (Session was comprised of freeform discussion)
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Appendix G

Presenter Biographies

Presenter (Phase) Biography
Dustin Greenwood
Director of Plant Startup 
and Services at NuScale

(Phase 1: Identify)

Director Plant Startup and Services is a diversely experienced professional with 25 
years of experience in design, construction, and operations of nuclear facilities. Dustin 
is responsible for the development and implementation of NuScale services and for 
startup has developed the Initial Testing Program (ITP) and the Inspections, Tests, 
Analysis, and Acceptance Criteria (ITAAC). In addition, he is responsible for the basis 
of the plant staffing levels and costs required for all regulatory required Operations 
and Maintenance (O&M) programs. Most recently Dustin was the Operations Manager 
of a uranium enrichment facility and before that a licensed Control Room Supervisor 
(CRS) at Energy Northwest. 

Patrick Kopfle
Nuclear Technology & 
Innovation Consultant at 
Dominion Energy

(Phase 2: Select)

Nuclear Technology & Innovation Consultant at Dominion Energy is responsible for 
innovation projects and application of emerging technologies in Dominion Energy’s 
nuclear plants. He previously worked at Westinghouse Electric Company in AP1000 
design/project development and helped lead the initial deployment of the new plant 
innovation programs. Patrick has a Bachelor of Science in Mechanical Engineering 
from Virginia Tech and an MBA from the University of Pittsburgh.

James Hill
IT Projects Program 
Manager at Xcel Energy

(Phase 3: Implement)

Jim Hill is a Senior applications Delivery (IT) Manager 
with Xcel Energy. His nuclear career has spanned from 
a hands-on machinist mate and radiation-chemistry 
specialist in the US nuclear navy to various Engineering, 
Quality, Performance Improvement, and Project 
management positions in plant and corporate 
management roles.  His current focus is to improve plant 
operation through the use of innovative IT applications 
and infrastructure. He has an electrical engineering 
degree, an MBA, is a licensed Professional Engineer, 
and has held a Senior Reactor Operator license, issued 
by the NRC.  

He is a Senior Member of the American Society of 
Quality.  His certifications include Manager of Quality/Organizational Excellence, 
Project Management Professional, and ITIL Foundation.  He has served with the 
Midwest-based Performance Excellence Network as an Evaluation Team Leader and 
Chief Judge in the Baldrige Performance Excellence evaluation process, used by 
organizations to assess and improve their performance.   He is a past member of the 
Nuclear Energy Institute NEI) Standard Nuclear Performance Model working group, 
and has also consulted and contracted with International Atomic Energy Association 
(IAEA) working groups for nuclear Knowledge Management guides.  He is the current 
Chair of the Infrastructure & Applications subcommittee of the Nuclear Strategic IT 
Leadership group (NITSL).

Asgeir Drøivoldsmo
Principal Research 
Scientist at the Institute 
for Energy Technology

(Phase 4: Evaluate)

Current position: Principal research scientist, Human Centered Digitalization, Institute 
for Energy Technology, Norway.
He has been working with development and implementation of new operation 
concepts, technology and safety in nuclear and petroleum industrial research for more 
than 20 years. The focus in his work has been within practical methodologies based 
on principles from the industrial psychology, and he has been working in the 
intersection between research and implementation of technology and new work 
practices. He holds a BS in computer science, MS degree in cognitive psychology and 
a PhD in industrial psychology from the Norwegian University of Science and 
Technology (NTNU).

https://nitsl.org/
http://performanceexcellencenetwork.org/
http://asq.org/index.aspx
http://asq.org/index.aspx
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Appendix H

Post-Workshop Feedback Survey
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